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(54) Reversible multi-color thermal recording medium 



(57) A reversible multi-color thermal recording me- 
dium comprises, laminated on a substrate: 

(i) an Irreversible thermal composition comprising a 
colorless rr,,/a!-: o::c;»- «■ .--»nnatic dye and 
organic irreversible .]ieat-i . ^ inl u Jr G^n/c^Lt^-;* 
and 



(ii) a reversible multi-color thermal composition 
comprising a colorless or pale basic achromatic dye 
and an organic reversible heat-resistant color 
developer. 
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Description * " ' ^ . - 

Background of the Invention 

Tliis invention relates to a r v rsible multi-color thermal recording medium whrch is free f rcsn color dev topment 
of its ground when an image is formed or erased, has high sensitivity and provides a vivid color tone. 

Thermal recording sheets are generally prepared by the following method. A colorless or pale basic achromatic 
dye and an organic developer made from a phenolic substance or the like are ground into fine partrcles and dispersed, 
and the resulting dispersions are mixed together. To the resultant mixture are added a binder, a filler, a sensitizer, a 
lubrcant and other auxiliaries to prepare a coating fluid. The coating fluid is applied to a support such as paper, synthetic 
paper, film, plastic or the like to produce a themnal recording sheet. Cotor development recording is effected by an 
instantaneous chemical reaction caused by heating with a hot pen, a thermal head, a hot stamp, a laser beam or the like. 

These thermal recording sheets are now applied in a wide range of fields such as measuring recorders, terminal 
printers for computers, facsimiles, automatic ticket vending machines, bar code labels and the like. Along with recent 
progress in the diversification and the improvement of performance of these recording apparatuses, higher quality is 
required for the thermal recording sheets. For instance, along with an increase in the speed of recording, the thermal 
recording sheets are required to obtain high-density and clear color images with extremely small heat energy. Further, 
the thermal recording sheets are required to be excellent in keeping quality such as light resistance, weather resistance 
and oil resistance. 

On the other hand, due to a sharp increase in the consumption of information recording media resulted by the 
construction of a variety of networks and the popularization of facsimiles and copters, waste disposal is becoming a 
social problem. As one of solutions to this problem, much attention is paid to recording media having reversibility that 
is, so-called reversible recording media whbh altow for repetrlkxis of recording and erasure. 

The reversible recording media have been discbsed such as recording media in which a recording material chang- 
es between transparent and opaque reversibly according to given temperature, recording media which make use of 
reversibility of a thermochromic material, recording media which make use of reversible changes in the cobr tone of 
a leuco dye. and the like. 

The reversible recording media in which a recording material changes between transparent and opaque reversibly 
are disclosed in Japanese Patent Publicatbn Nos.54-1 1 9377, 63-39377. 63-411 86, 3-230993 and 4-366682. However, 
these reversible recording media have such defects as lack of image sharpness, slow decobrization speed and need 
for temperature control upon erasure. 

The reversible recording media making use of a therrrKxihromic material involve the problem that most of therrrK>- 
chromic materials have poor data storage ability and require continuous heat supply to keep cotor development. 

Meanwhile, the reversible recording media making use rA revoisibs^? rhanges in the color tone of a !c'f,}co dye are 
disclosed in JapanesF. Patent Publication Nos. 60-1 9369,1 ;460-257281> e^pfi Uie like, irjovtcvcir, these recokmg media 
effect decolorizatkjn with water or steam and have problems with practical application. Further, Japanese Patent Pub- 
Ircation Nos. 2-188293 and 2-188294 disclose a simple layer-structured material (cobr devebping and subtracting 
agent) which has both color developing and subtracting functions to provide reversible changes in the cotor tone of a 
leuco dye only by controlling heat energy. However, with this cobr devebping and subtracting agent, satisfactory cobr 
density cannot be obtained because decolorization process already starts in process of cobr development. Further, 
decolorizat bn cannot be accomplished. For this reason, satisfactory image contrast cannot be obtained. 

A heated roll whbh is controlled to a specific temperature is used to erase an image on a reversible recording 
medium making use of reversible changes in the color tone of a leuco dye. Since a reversible developer used in the 
reversible recording medium has no heat resistance, the ground of the medium markedly develops a cobr through 
heated roll treatment. 

As described above, the reversible recording media of the prior art which make use of a reaction between a color 
coupler and a cobr dsyelopor involve various problems and are stil! urisatisfaqtpry. 

- Meanwhile; there have been great needs Tor multi-color t ecording media! and double-color thermal 'recording paper 
for use in labels, coupon tickets, video printers and the like has been implemented. This thermal recording paper is 
structured such that it is a laminate consisting of a support and high-temperature and bw-temperature color developing 
layers formed on the support which develop cobrs with different cobr developing energies and two different methods 
have been proposed. One of them is to obtain a color of an image obtained when the high-temperature cobr developing 
layer devebps a color as an intermediate cobr between a color devebped only by the high-temperature layer and a 
color developed only by the low-temperature layer without discobring an image of the tow-temperature cotor-developing 
layer which devebps a color when the high4emperature color developing layer develops a cobr. In this case, a double- 
color image having good contrast cannot be obtained unless a color developed by the high-temperature cobr devel- 
oping layer can conceal a color devebped by the high^emperature color devebping layer thoroughly. It is impossible 
to form a double-color image if a color developed by the tow-temperature cotor devetoping layer is black. 
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otHeTrnethod is to eras a colored image of tho JdwHempefStt/fe dolor develop int| layer which develops a 
color simultaneously with the color development ot the high-iempcrature color developing layer, using an appropriate 
decolorizing agent. In this case, combinations of developed colors are arbitrary. However, since compatibility between 
color developing property and decolorization property is hard to b obtained, a satisfactory decolorization agent is yet 
to be discovered. 



Summary of the Inventbn 



It is therefore an object of the invention to provide a reversible multi-cobr thermal recording medium which is free 
from color devebpment of its ground when an image is formed or erased, has high sensitivity, and provides a vivid 
color tone. 

This invention has been made to solve the above problems by using an irreversible heat-resistant color developer 
as an organic color developer contained in an irreversible thermal composition and a reversible heat-resistant color 
developer as an organic color developer contained in a reversible thermal composition in a reversible multi-color thermal 
recording medium prepared by laminating the irreversible thermal composition containing a colorless or pale basic 
achromatic dye and the organic color developer as main components and the reversible thermal composition containing 
a colorless or pale basic achromatic dye and the organic developer as main components on a support. 

In concrete terms, a compound represented by the following general formula (I) or (I*) is used as the reversible 
heat-resistant cobr developer and at least one of compounds represented by the following general formulae (II), (III), 
(IV) and (V) is used as the Irreversible heat-resistant color developer. 

II ^ 
-NIl-C-NII- (CII^ ) ^ -Nn-C-NH^<^ ... (0 

X 



X 

n 



n 



R-Nii-c-Nn-<S5^-oii 



0)^ 



A 

II 



In the above formula (I), X Is selected from the group consisting of a hydrogen atom, alkyi group having 1 to 12 
carbon atoms, halogenated alkyI group having I to'3 carbon atoms, alkoxy group having 1 to 1 ? ccrhon stoms, alkox- ^ 
, ycartoriyj^roup^havi ^ ^p 11; caiV.>n aiorrt.;, soyi^rpup having 1 to 12 carbon atorns,,dialkylar?Hnq tjrcup h?;v]r,cs : 
to 12 GDrbon alcTC. i -^crc group, cyano group and halogen atom, m is an integer of 1 to 1 2, £^r;r? n i::. yr. ir.lc;;^;? -y- ! to 3. 

In the above formula (1'), R is an alkyI group having 12 to 22 carbon atoms, A is selected from the group consisting 
of a lower alkyI group, lower alkoxy group, lower alkoxycarbonyl group, nitro group, habgen atom and hydrogen atom, 
and n Is an integer of 1 to 3. 

X — ^OVn-C-N-<(QVsO -NK • (II) 



\\ O 11 

In the above formula, X is selected from the group consisting of a bwer alkyI group having 1 to 4 cartx>n atoms, 
alkoxy group having 1 to 3 carbcn atoms, hydrogen atom, nitro group, cyano group and halogen atom, and m is an 
integer of 1 to3. . 



X 



-N"-<0>-S-0-NII-i;-NII-^ 



(III) 



In the above formula, X, R1 , R2, R3, FW, R5, R6, R7 and R8 are Independently selected from the group consisting 
of a lower alKyl group fiaving 1 to 6 cart)on atoms, alkoxy group having 1 to 6 cartxm atoms, hydrogen atom, nitro 
group, cyano group and halogen atom, and m is an integer of 1 to 3. 
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O 0 
>-Nn-C-Nl!- (Cn^ ) ^ - Nll-C-NH-<Q^ ... (IV) 

OH 

in the above formula, X is selected from the group consisting of a tower alky I group having 1 to 6 carbon atoms, 
alkoxy group having 1 to 6 carbon atoms, nitro group, halogen atom and hydrogen atom, m is an integer of 1 to 12, 
and n is an integer of 1 or 2. 





O 



^^1 



3 ... (V) 



In the above formula, X is selected from the group consisting of an alkyi group having 1 to 1 2 carbon atoms, alkoxy 
group having 1 to 12 carbon atoms, trihalogenated methyl group, hydrogen atom, nitro group and halogen atom, Z is 
selected from the group consisting of O, S, straight chain having 1 to 12 carbon atoms, branched alkylene group, NH, 
SO 2 and C=0, R1 , R2 and R3 are independently selected from the group consisting of an alkyI group having 1 to 6 
carbon atoms, hydrogen atom, nitro group and halogen atom, and n is an integer of 1 to 3. 

As for erasure of an image on the reversible thermal recording medium, various methods are conceivable such 
as one in which temperature and the amount of heat tower than those at the time of recording are given with a thermal 
head, a hot stamp, a heated roll or the like for erasure, one in which the amount of light smaller than that at the time 
of recording is irradiated by a laser, a halogen lamp or the like for erasure, and one in which the ground of a recording 
medium is brought into contact with a tow-boiling alcohol solvent such as methanol and ethanol for erasure. Particularly, 
a heated roll controlled to 100 to 150 is easily used from a view point of operational ease. In this case, since the 
reversible recording compositton and the in-eversible recording compositton are treated with a heated roll at the same 
time, a heat-resistant cotor developer needs to be used to prevent both of the reversible recording composition and 
the irreversible recording compositton from devetoping cotors from their grounds. 

Further, as for the order of laminating the reversible recording compositton and the irreversible recording compo- 
sition onto a support, the support, the irreversible recording compositton and the reversible recording compositkxi may 
be laminated in the order named, or the support, the reversible recording compositton and the irreversible recording 
composition may be laminated in the order named. Or two or more layers of the reversible recording composition and 
/ihe Kr*c>- ^riiible recording composition rria - . 

in the present inventton, since the hue of ah image bh':^>!ncd by iirst recording or erasurb is made different from r 
the hue of an image recorded next by using a combination oi the irreversible recording composition and the reversible 
recording compositton, it is possible to find whether an recorded image is additionally recorded or not. 

Illustrative examples of the irreversible heat-resistant color developer used in combination with the leuco dye in 
the reversible multi-cotor thermal recording medium of the present invention include the following urea compourKJs 
and thtourea compounds. However, the color developer of the present inventton is not limited to these. 

N -C-N <^)Vs02 "Nll^ (Al) 



I 

II 0 II 



P"3 



I II I 

ci!^ M o n 



I II I 

II U II 



S "9 -<Q>-N-c-'/-<Q>-'5"2 -N"2 ^'^^> 

H O H 



4 



4 



EP 0 709 225 A1 



0>N-c-N-<;o;-so2 Nii^ 



(A5) 



lerl- Hg H O H 



I II I 
H O II 



c \ n o n 



11 O H 



0>-N-C-N-<0> -^0, -Nil, (A9) 



II O 11 



Br-<g>-N-C-.N-^> so, NH, (AlO) 



^ I II t 

Or HO II 



<J3>..N--C--N <0> •S^>2 Nil, (All) 
\^ II O II 



■ : H o 11 • ■ ■ '"^ • 



II () II 



I II I 
n o II 



NC 




H O H 



I n I 

II O II 




EP 0 709 225 A1 




-NII^ 

N - C - N 

I II I 

II O II 



cn. 



'SO2 - NIIj^ 

N-C - N -<0/ 

I II I 

II O fl CI 



(A17) 



(A 18) 



n OH CI 



(A 19) 



I II I VrV 

II o n 



(AZO) 



c 

I II 

II O II I' 



IN 11, 



(A21) 




-NII^ 

N-C 
I II I 

It o n 



OCll., 



3 



C N 
II O II 



(A22) 



(Az:o 



roi 



'S()2 Nil 

N -C N /( ) 

I II I v-v 

II O II 



CN 



(A 24) 




N-C-N- 
I H I... 




-SO2 -NUg 



CA25) 



II 



3 -<0>"V-li VTn3""> 

II O II 



2 -""2 



(A26) 



6 



EP 0 709 225 A1 



<0>-N-C-N- 
C'l 11 O II 




(A27) 



10 



•^'■vy/rs? TQj 



(A28) 



15 



B r 



- N - c - N -ry-Vl 

II O II ^<>^ 



CA29) 



20 



25 




N C-N 

I 11 I 
F II O H 




(A30) 




-NII-C-NII 



( B 1) 



30 



O 




C I 

s 

-NII-C-NII-^^^S 

CI CI 



Nll-C-NII-{0^ 
C I 



(13 2) 



40 



45 



50 



^-Nll-C-NII-^^S-<^5)-'^"-^-'^''"\Q/ 



CI CI CI C! 



S 



S 




-NII-C-NII -<^O^S-\Q/-'^''~^"'^" 



(13 /|) 



55 



7 



EP 0 709 225 A1 




) V N 1 1 - C - 



Nil 



-<§)^S-<^-NII-J-NH-<0) (B6) 



M c M c 




-NII-C-NH 



S 



ten- llg «erl- 11^ 




S 

NH-C-NII^C ))-C I 
(IJ8) 




S 



C 1 (0/~ N II - C - N II -((J^- S <^_) 
C I 



S 

~A //'- \ N 1 1 - C - N 1 1 XO )" ^ ' 




C I 



(»9) 



C I 



^ 

-<^-NII-C-NM-<^-S-<g)-NII 

C I 



s 
II 



-C-NII-(0)-Cl 
C I 

(BIO) 



C ! 



s 
II 



^' (ini) 



c I 



s ^ 



(n!2) 



CM, -<(Q>-Nii-c-Nn-<0>-5 <(3;HNn-c-Nii 

(B13) 



<Q>- 



CH, 



8 



EP 0 709 225 A1 



s 



Qys-<^;j)-Nn-c-Nii 

(DM) 





CFI. 



S 
II 



S C I C 1 



( n 15) 



c 1 CI 



IJ r 



<0>-Nn-il-Nn-<^s-(0>-N.i-!5-N"-<©> 



(IMG) 



II r 



<^-NII-C-N!l-<^-S^^-Nll-C-NII-<(0)-n-Cg 11,3 

S "5 ^""^ 

sen ^ 

<^-NllJ-Nll'-<pVs-^-NII-C--Nll-<(0^ 




S CM. 
II 



qVnii-c-nii- 



Cll 




/C.n., s 




3 



11 



Nll-C-Nll 



(BIS) 



<^-NH-tNri'^S-<a>-Nn-C-Nn-^ (B20) 

ciu-^""^ \ci 



s ^ 

<^3)-Nn-J-NII-<^-S-<^-Nll-C-NII-<(0^ 

r^r cii7 "cii, CI 



(B20 



EP 0 709 225 A1 



II (X O 



O /Oil 

II ' — <■ 



Nll-C-Nll- (Cil2 ) 3 - Nil- C -Nil -<^^ 



(C I) 



no 



o 



NII-C-NIl - (Cll„ ) - -Nil 



(C2) 



/Oil O 
J — < II 



O UOy 
II V— X 



NII-C-N1I-- (0112 ) 5 -Nli-C-NII-<(0) 



(03) 



no 




O 



0 



OV-NIl- C-NII- (CII2) 5 -NIl-C-Nn-<Q> (04) 




on 



no 



o 
II 

C-NH- (CII2 ) g -Nil 

C-O 

iioYo)-Nii 



(05) 




on 



IIO\ O 0 

) _ -NH-C-NFI^O) ^^^^ 



QVNn-c-Nii- icu^) ^ 



o 

IIO-^O/"'^""^"'^''" ^'^"2^ 8 

0 = 0 



' '(07) 



II0-<J^^ Nil 



10 



EP 0 709 225 A1 



10 



IS 



20 



R 



M e -Selliyl 



tAc' 



no 



Nil 

I 

I 

Nil 



O 
II 



R| =tert-Bulyl 



I 

c = o 
I 

Nli 



(C8) 



(C9) 



2S 



30 



R 



ilO 



O 



NIl-C-NII- (dig ) g -Nil 



=-n-Ilcxyl 



I 



C=0 

iio-{0)~'^" 

Rr 




(CIO) 



40 



on o 



M e 0 -(Cypl^n - e- N H ^ ( C ) p - N " 



M e =llelhyl 



C = 0 
MeO-(0/"'^" 

on 



(Cll) 



46 



SO 



o 



M e = Methyl 




(C12) 



ss 



11 



EP 0709 225 A1 



II 

NIl-C- 



Nll- (Cll, ) -NH 



R_ =n-Bulyl 



110/ 



I 

C = 0 
I 

Nil 



(C13) 



II Ov 



«2 0-<O)-N"-c-Nn- (Cllg)^ 



-Nil 



=n Ilexyl 




(CH) 



no 




on 



o 
n 



o 



IIO\ 



NIl-C-NII 



(Cll^) g -NII-C-NII-^O) 

^NO, 



(C15) 




O2 N. 

no 



o 



NIl-C-NII- (CII2 ) p -Nil 




no 



(C17) 



12 



EP 0 709 225 A1 



/Oil o y "°>-\ 

/0/-NII-C-N1I- (C1I2) 5 -m\-c-m\-(Q) (C18) 

-^^NII-C-NII- (CH.^ ) 5 -Nn-C-NH-<JO^OH (C19) 



C I 
110 



C I 



Civ o 



10 



Nil 



(C20) 



CK C = 0 

) V I 



110 



C I 



Nil 



C I 
C I 




OH O O "°>-A 

NIl-C-NIl- (CII2 ) g -Nn-C-Nll-^(Oy 

C 1 



C I (C21) 




O 



O 



^-Nil- C -Nli - CCII2 ) 4 -NH-C-NH 
Me =-Methyl 




Me 




(C23) 



MeO' 



NH-C-NH- 



(D1) 



13 



EP 0 709 225 A1 



CH3- 



-NH-C-NH-<( ))-0-' 



(DZ) 



O)- N H - C - N H -<Q)- O - 



CH, 



(D3) 



;O>-NH-C-NH-<(Q)-0- 



(D4) 



R-<0>-N"-"-N"-<O>-^-<S> 



R = terl- C. M„ 
4 Si 



(D5) 



O 

n 



(D6) 




CHg O 

^CH^ O 

CH„ -<T)>-NH-C-NH 



CH. 



O 



CII3 o-<^^-nh-c-nh-{Q)-6- 



(D7) 



(DO) 



(P9) 



^ 12^25° -<Q>- N H - C - N M -<g>- O 



(DIO) 



C I - 



-NH-C-NH-<J^)-0- 



(Dll) 



14 



EP 0 709 225 A1 



^-NH-C-NH-<0)-0-<^ (D12) 



r. I 

O 




-NH-C-NII-<^0;-0-<^j;>-C2 (D13) 
CI 



CI O 
II 



Q>-NH-C-NH-<Q)-0-<^ (DM) 



CI 



Ql^ O 
CL-^-NH-!-NH-<O>-0-<g> 



,CI o 



CI 

,CH 



3 



(D15) 



<0^-NH-C-NH-<g>-0-<g> (D16) 



D r-<^-NH-C-NH-<^-0-<^>-CI (DI7) 



O 

NII-C-NH-<n)-0-(0>-NO, (DIB) 



CF3 -<^-NH-C-NH-<^-0-<0> (D19) 
O 

-<g^-NH-C-NH-<^-0-<^ (DZO) 
C I 

o 



O 

-NH-C-NM-<( ))-0-<( )>-CHj (D22) 



15 



EP 0 709 225 A1 



<^^-NH-C-NII 



(D23) 



-0-<( )>-o-Cg H,3 



O 

NH-C-NII^ (D24) 

>-o-< 



NH-C-NH-<^)-S-<^> (D25) 



<^-NU-C-NH-<g)-CH2 -<g> (DZ6) 



O 

-NH-C-NH-<( )>-NH-<( )> (DZ7) 



O 

S>-NH-!-NH-<C!>-SO„ -<S> (D28) 



<n>-NH-J-NH-<^-C-<p) (D29) 

In the reversible multi-color thermal recording medium of the present invention, illustrative examples of the revers- 
ible thermal developer used in combination with the leuco dye include the following compounds represented by the 
general formula (I), but it is not limited to these. 
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O 



0 



NIl-C-NIl- (CU^) g -NII-C-NIl 
M e = -Methyl 



Me 



(E13) 
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x» O O /Me 

<^^Nll- C-NH- (Cl^) 5 - NII-C-NII-^O) 



Me=-aeUiyl ^^^^^ 



ei-ZoVnu-c-nh- (cii2)g- Nn-c-Nn-<^>-Kt 

— ' . ris: 



I- I =-Elhyl 



(E15) 

O 



O 

K-<g)-NII-C-Nn- (CI.,) e -Nll-C-NII-<(0)-R 



R=-,.-C,2ll25 



McOv O 



O /OM c 



<;^J>-NH-C-Nn- (CM, ) „ -NII-C-NM-<(0) 



Mc--lletliyl 



(F.t7) 



O o 



_<Q>-NIt-C-NIl- (Cll,) 6 -NII-C-NlI-<;^>-OR 

R = -lert-Butyl ^^18) 
O o 
RO-<|^)-Nn^C-Nli-^ (Cilg) 



R--n-C n ('519> 

O o 

RO-<Q>-Nn-C-NlI- (cn^ ) 6 -NII-C-Nn-<(O)-0R 

R--n-C II ^^20) 
^~ " ^12 25 

O o 
M e 2 N -<^)V N II - C - N n - (C 14 ) g N I! - C- N 11 -<Q)-N M « 2 

Mc=-lleUiyl CE21) 
O 0 
Et^ N-<^)-NH-C-NIl- (Cllg) 5 NlI-C-NU-^(Q)-NEl2 

E I =-F.lhyl (E22) 
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ci-<|Q)-nii-c-nii- (ci^) 6 -Nn-c-NM^(Q)-ci 



<(g^NIl-C-Nll- (CH^ ) 6 -NlI-C-Nn-<Q) (E 



(EZ3) 

O /CI 

24) 



O o 

C ^''^^ 

CI CI 
O o 

~ r 
(E26) 

O o 



<^^-NlI-C-NII- (CII^) 5 -NH-C-NII-^^ 



-<;^^Nn-C-Nn- (ClI^) g -NI1-C-NII-<J^>-F (E27) 



" o o 

N-<;|^)-NH-C-Nn- (CH^ ) 6 NII-C-N[I-(^)-N02. 

o o o o 

le0C-<^|O)-N"-C-Nn- (Cllg) 6 -NIl-C-NH-<(Q)-COMe 

Me— llelhyl (E29) 

o o ? n 

R0C-<(O)-Nll-C-NlI- (Cllg) 5 -NEI-C-NII^(OVCOR ~ 

o o 

</^>-NH-C-Nll- (CII2 ) e -NII-C-NU-^) (E31) 
C=N N=C 
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O o 
Mc-<@>-Nll-C-Nn- (Cll^) 4 -Nil -C-NH 

Me^-lethyl (E32) 



Mc\ O O /Me 

<;^Qiy Nil-C-Nll- (CII^ ) ^ -NII-C-NfI-<^0) ^^'33) 
Mc=-Metliyl 



O O 

le 

Me=-iethyl CC34) 

Me^ O O /Me 

<^^-NII-C-Nn- (Cllg ) g -Nn-C-NIl-<Q) (E35) 



Me =-iethyl 
O O 

E t 

Kt=-Ethyl (E3C) 
O O 



CI " cr ( 

Mcv^ O O /Me 

Me-<^Q^NH-C-NH- (CII2) 5 -NU-C-Nn-<^^M e 



MeO\ O 0 

/— \ II n /^\ 

McO-/QVnII-C-N11- (CM, ) g -NlI-C-NFI-^(^y>-OM. 

, McQ/' ""' =-lieibyr (E39) - ^OMe' 

,0R O 0 RC\ 

R0-/OyNM-C-NII- CCII2 ) ^ -Nil -C-Nn-<(^^)-OR 

R = -iso-Cj (E-IO) 

In the reversible multi-color thermal recording medium of the present Inventbn, illustrative examples of the revers- 
ible heat-resistant color developer used in combination with the leuco dye include the following compounds represented 
by the general formula (1'). 
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NKx:tadecyl-N'-:(4-hytl)[pxyphenyl) urea (Et> - — 

N-octadecyl-N'-(3-hydroxyphenyl) ur a (£2')- 

N-octadecyl-N'-(2-hydroxyphenyl)urea (E3') 

N-octadecyl-N'-(4-hydroxy-2-methylphenyl) urea (E4') 
5 N-octadecyl-N'-(2-hydroxy-4-methylphenyl) urea (E5') 

N-octadecyl-N'-(4-hydroxy-2-nitrophenyl)urea (E6') 

N-octadecyl-N'-(4-hydroxy-3-nitrophenyl)urea (E7') 

N-octadecyl-N'-(3-hydroxy-4-methoxyphenyl)urea (E8') 

N-octadecyl-N'-(5-hydroxy-2-methoxyphenyI) urea (E9') 
10 N-octadecyl-N'-(4-chloro-2-hydroxyphenyl) urea (E10') 

N-octadecyl-N'-(3-chloro-4-hydroxy-5-methylphenyl)urea (E11') 

N-octadecyl-N'-(3, 5-dichloro-4-hydroxyphenyl) urea (E12') 

N-octadecyl-N'-(3,5-dibromo-4-hydroxyphenyl)urea (El 3') 

N-dodecyl-N'-(4-hydroxyphenyl) urea (E14') 
15 N-dodecyl-N'-(3-hydroxyphenyl)urea (El 5') 

N-dodecyl-N'-(2-hydroxyphenyl) urea (El 6') 

N-dodecyl-N'-(4-hydroxy-2-methylphenyl)urea (El 7') 

N-dodecyl-N'-(4-hydroxy-3-nitrophenyl)urea (E 1 8') 

N-dodecyl-N'-(3-hydroxy-4-meLhoxyphenyl)urea (E1 9*) 
20 N-dodecyl-N'-(3-chloro-4-hydroxy-5-methylphenyl)urea (E20') 

N-dodecyl-N'-(3,5-dichloro-4-hydroxyphenyl)urea (E21 ') 

N-tetradecyl-N'-(4-hydroxyphenyl)urea (E22') 

N-tetradecyI-N'-(3-hydroxyphenyl) urea (£23") 

N-tetradecyl-N'-(2-hydroxyphenyl) urea (E24') 
25 N-tetradecyl-N'-(4-hydroxy-2-methylphenyl) urea (E25') 

N-tetradecyl-N'-(4-hydroxy-2-nitrophenyl) urea (E26') 

N-telradecyl-N'-(5-hydroxy-2-methoxy phenyl) urea (E27') 

N-tetradecyl-N'-(3, 5-dibromo-4-hydroxyphenyl) urea (E28') 

N-hexadecyl-N'-(4-hydroxyphenyl) urea (E29') 
30 N-hexadecyl-N'-(3-hydroxyphenyl) urea (E30') 

N-hexadecyI-N'-(2-hydroxyphenyl)urea (E31') 

N-hexadecyl-N' - (4-hydroxy-2-methylphenyl) urea (£32") 

N-hexadecyl-N'-(4-hydroxy-2-nitrophenyl)urea (£33") 

,N-hexadecyl-N'-(5-hydroxy-2-methoxyphenyl)ureri (E34') ' ■ ^r^" 

a* N-hexadecy!-N'-(4-chbro-2-hydroxyphenyl) urea(E35') ' . : .r-vi- ;. 

N-hexadecyl-N'-(3-ch!oro-4-hydroxy-5-methylphenyl)urea (E3o') * * 

N-eicosyl-N'-(4-hydroxyphenyl) urea (E37') 

N-eicosyl-N'-(3-hydroxyphenyl) urea (E38') 

N-eicosyl-N'-(2-hydroxyphenyl) urea (E39') 
40 N-eicosyl-N'-(4-hydroxy-2-methylphenyl) urea (£40*) 

N-eicosyl-N'-(4-hydroxy-2-nitrophenyl)urea (E41 ') 

N-eicosyl-N'-(5-hydroxy-2-methoxy phenyl) urea (E42') 

N-eicosyl-N'-(4-chloro-2-hydroxyphenyl) urea (£43*) 

N-eicosyl-N'-(3-chloro-4-hydroxy-5-methylphenyl)urea (E44') 

45 

In the reversible multi-color thermal recording medium of the present invention, the basic achromatic dye used in 
combination with the heal-resiatan! color developer is not lirTDttGd.to^a particular kind, but triphpnyl fpejh^'jr.&> JIuprar.,. 
fluorene and di\,'inyi -l-ased dyes are preferred. Specific examples of these dyes are shown below. Tliesc dyes may be 
used alone or in combination of two or more. 

50 



55 
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<triphenylmsthan8-based teiKX) dyes> 
3, 3-bis(p-dime1hylaminophenyl)-6-dimethy (amino phthaltde 
5 [another name is crystal violet lactone] 
<fluoran-based leuco dyes (l)> 

3-diethylamino-6-methyl-7-anilinofluoran 
10 3-(N-ethyl-p-toluidino)-6-methyl-7-anilinofluoran 

3-(N-ethyl-N-isoamylamino)-6-methyl-7-anilinofluoran 

3-diethylamino-6-methyl-7-(o,p-dimethylanilino) fluoran 

3-pyrrolidino-6-methyl-7-anilinofluoran 

3-piperidino^methyl-7-anilinofluoran 
IS 3-(N-cyclohexyl-N-methylamino)-6-methyl-7-anilinofluoran 

3-diethylamino-7-(m-trifluoromethylanillno) fluoran 

3-N-n-dibutylamino-6-mettiyl-7-anilinofluoran 

3-N-n-dibutylamino-7-(o-chloroanllino)fluoran 

3-(N-ethyl-N-tetrahydrofurfurylamino)-6-methyl-7-anilinofluoran 
20 3-dibutylamino-6-mcthyl-7-(o,p-dimethylanilino) fluoran 

3-(N-methyl-N-propylamino)-6-methyl-7-anilinofluoran 

3-diethylamino-6-chloro-7-anilinofluoran 

3-dibutylamino-7-(o-chloroanilino) fluoran 

3-diethylamino-7-(o-chloroanilino) fluoran 
25 3-diethylamino-6-methyl-chlorofluoran 

3-diethylamino-6-methyl-fluoran 

3-cyclohexylamino-6-chlorofluoran 

3-diethylamino-benzo[a]-fluoran 

3-n-dipentylamino-6-methyl-7-anilinofluoran 
30 2-(4-oxo-hexyl)-3-dimethylamino-6-methyl-7-anilinofluoran 

2-(4-oxo-hexy l)-3-diethy lamino-6H7iethy l-7-an il inofi uoran 

2-(4-oxo-hexyl)-3-dipropylamino-6-methyl-7-anilinofluoran 

<5uorene based l«^*co dyas> ^ 

3,6,6'-trEs(dj:Tielhyiamino)spiro[fluorene-9,3*-phthaiide] 
3,6.6'-tris(diethylamino)spiro[fluorene-9,3'-phthalide] 

<fluoran-based leuco dyes (ll)> 

40 

2-methyl-6-p-(p-dimethylaminophenyl)amlnoanllinofluoran 
2-methoxy-6-p-(p-dimethylaminophenyl) aminoanilinofluoran 
2-chbro-3-methyl-6-p-(p-phenylamlnophenyl)-aminoanilinofluoran 
2-chtoro-6-p-(p-dimethylaminophenyl)aminoanilinofl uoran 
2-nitro-6-p-(p-diethylaminophenyl)aminoanilinofluoran 
2-amino-6-p-(p-diethylaminophenyl)aminoanilinofluoran 

2^diethylam!no-6-p-{p-diethylaminophenyl)-amindaniI^^^^^ .... .i<^^r:^-. 

2-phenyi-6-rnethyi^i>-(p-phenylar7iinophenyl}'amino^^ 
2-benzyl-6-p-(p-phenylaminophenyl) aminoanilinofluoran 

2- hydroxy-6-p-(p-phenylaminophenyl)aminoanilinofl uoran 

3- methy l-6-p-(p-dim ethy laminopheny I ) aminoani I inofi uoran 
3-diethylamino^-p-{p-diethylaminophenyl)-aminoanilinofluoran 
3-diethylamino-6-p-(p-dibutylaminophenyl)-aminoanilinofl uoran 

55 <divinyl-based leuco dyes> 

3.3-bis-[2- (p-dimethylaminophenyl)-2-(p-methoxyphenyl)-ethenyl]-4, 5, 6,7-letrabromophthalide 
3,3-bis-[2-(p-dimethylaminophenyl)-2-{p-methoxyphenyl)-ethenyr|-4,5,6,7-tetrachtorophthalide 



22 



EP 0 709 225 A1 



:3i3-bis-[l,l-bis(4-pyfrolicinopfranyl)emylene-2-y^^ . - -. .^>^- 

3,3-bis-(1 - (4-methoxyp^)enyl)-1 -(4-pyrro!idinophGnyl)-ethylene-2-yl]-4,5,6,7-tetrachtorophthalide 

<Oth0rs> 

5 

1 , 1 -bis-[2\2\2*,2Metrakis-(p<(irnethylarninophenyl)-ethenyI]-2,2-dinitrileethane 
1 , 1 -bis-[2',2',2',2'-tetrakis-(p-dimethylaminophenyl)-ethenyl]-2,b-naphthoylethane 
1 , 1 -bis-[2',2\2V2"-tetrakis-(p-dimethylanninophenyl)-ethenyll-2,2-diacetylethane 
bis-[2,2,2',2'-tetrakis-(p-dtmethylaminophenyl)-ethenyl]-methyl mabnate dimethyl 

10 

In the present invention, as a sensitizer, an aliphatk: amkie such as amkie stearate or annkie palmrtate. ethylene 
bisannide, nrK)ntan wax, polyethylene wax, dibenzyl terephthalate, p-benzyl oxybenzyl benzoate, dl-p-tolytearbonate, 
p-benzyl biphenyl, phenyl a -naphthyl carbonate, 1,4-diethoxy naphthalene, 1-hydroxy-2-phenyl naphthoate, 1,2-di- 
(3-methylphenoxy)ethane, oxalic acid di(p-methylbenzyl), p -benzytoxynaphthalene. 4-biphenyl-p-tolylether, O-xy- 

^5 lylene-bis-(phenylether), 4-(m-methylphenoxymethyl)blphenyl or the like may be added within the range that does not 
impair the effect of the invention. 

In the present invention, when a plurality of reversible thermal recording layers and irreversible thermal recording 
layers are provided to prepare a multiKJOIor recording medium, an intermediate layer of a resin is preferably interposed 
between the recording layers to be laminated together. The resin intermediate layer is intended to prevent the recording 

20 layers from being mixed together during heating and can be formed by applying a resin whk;h does not melt at a 
recording temperature to the recording layers to be laminated together. The resin usable in the present invention nnay 
be of the same kind as a binder resin used in adjacent recording layers, but is preferably incompatible with the binder 
resin. Illustrative examples of the resin include polyvinyl akx>hol, polyacrylamide, polyacrylate and polyamkSe resins 
and the like, but the resin is not limited to these. A multi-cotor thernnal recording medium providing a vivkJ cotor tone 

25 can be obtained by providing a resin intermediate layer. 

The resin intermediate layer may be thk:k enough not to be broken by application of heat and pressure due to 
repetitions of recording and erasure. If the resin intermediate layer is too thick, thermal conductivity deterbrates. There- 
fore, the thickness of the intermediate layer is preferably as small as possible and typk:ally 10 |i m or less. 

The intermediate layer of the present invention may contain a filler. The filler used in the invention may be an 

30 organic or inorganic filler such as silica, calcium carbonate, kaolin, baked kaolin, diatomaceous earth, talc, titanium 
oxide or aluminum hydroxkie. The weight ratio of the filler to the resin both constituting the intermediate layer is pref- 
erably 2:1 to 20:1. 

Illustrative examples of the binder used in the reversible thermal recording layer and the irreversible thermal re-^ 
cording layer of the present invention include denatured polyviny* efcchols such as wholh/ saponified poiyvirryl alcohols ' ' 

^ having a polymerizatbn degree of 200 to 1.900, partly saponified pofyvihyi alcohols, carboxy-denatu'rcd polyvinyl al- . • " '^v^??^^. 

cohols, anriide-deriatured polyvinyl alcohols, sulfonk: acid-denatured polyvinyl akxjhbls.'butyral-denatured polyvinyl '^ ■ 
alcohols and other denatured polyvinyl akx>hols, hydroxy ethyl cellulose, methyl cellubse, carboxymethyl cellulose, 
styrene-maleic anhydride copolymer, styrene-butadiene copolymer and cellulose derivatives such as ethyl cellulose 
and acetyl cellutose, polyvinyl chloride, polyvinyl acetate, polyacrylamide, polyacrylate. polyvinyl butyral polystyrol and 

40 copolymers thereof, polyamide resins, silicon resins, petroleum resins, terpene resins, ketone resins and cumarone 
resins. These high molecular substances may be dissolved in a solvent such as water, a)cdho\, ketone, ester or hy- 
drocarbon, emulsified in water or other solvent, or dispersed like a paste, and nnay be combined in accordance with 
required quality. 

The filler used in the reversible thermal recording layer and the irreversible thermal recording layer of the present 
45 inventbn nnay be an organic or inorganic filler such as silica, cateium carbonate, kaolin, baked kaolin, diatomaceous 
earth, tate, titanium oxide and aluminum hydroxbe. 

In additk^p to these, cjo-icase ageni such as an aliphatic a/^irf vnetal salt, a lyhrtcant such a§ wax, a waic. i.^cof - ^ .. 
agent such as glyoxal, k dispersant. an anti-foaming agent and the like can be caitained in the recdrcirng layors. . • 
Further, an overcoat layer of a high nnolecular substance containing a filler may be formed on a thermal color 
so developing layer for the purpose of improving keeping quality. 

Moreover, an undercoat layer containing an organic or inorganic filler may be formed under the thermal color 
developing layer for the purpose of improving keeping quality and sensitivity. 

The above organic cobr developer, basic achromatic dye and materials added as required are ground with a 
grinder such as a ball mill, attritor or sand grinder or an appropriate emulsifier until a particle diameter of 1 m or less 
ss is achieved. The resulting partk;Ies are mixed with a binder and various additives according to applbation purpose to 
prepare a coating fluid. 

The amounts of the organb cobr developer and the basic achromatic dye used in the present invention and the 
kinds and amounts of other components are determined according to required performance and recording quality and 



23 



EP0709 225 A1 



ncsriimited partieulsrty. Typicalty. 1 tb 8 parts of the orgai^ cotor dovelope? and 1 to 20 pcrts of the filler are »jGed based 
on 1 part of th basic achromatic dye and 10 to 25% of the bind r is used based on the total solid content. 

To fabricate the reversible multi-color themnal recording medium of the present invention, the thermal coating fluid 
and the intermediat layer coating fluid having the above compositions are applied attematefy to a desired support 
such as paper, synthetic paper, plastic film or nonwoven fabric and dried to prepar a mufti-layered laminate. In this 
way, the reversible multi-color thermal recording medium of interest can be obtained. 

A light absorbent which absorbs light with its thermal recording layer or the like and converts it into heat can be 
contained in the reversible multi-color themnal recording medium of the present invention to produce an optical recording 
medium. The light absorbent used in the recording medium of the present invention to convert light into heat may be 
any kind of substance provided it absorbs the wavelength of light coming from diverse light sources. N^rious dyes, 
various pigments, near infrared light absorbents may be used as the light absorbent of the present inventbn. However, 
the light absorbent of the present inventk>n is not particularly limited. 

When a strobe having a continuous light wavelength is used as a recording light source, for example, a product 
obtained from a heat reaction between a thiourea derivative and a copper compound as disck>sed in Japanese Patent 
Publication No. 2-206583 and the specification of JP-A-5-30954, graphite, copper sulfide, lead sulfide, molybdenum 
trisulfide. black titanium and the like as disclosed in Japanese Patent Publication No. 3^86580 may be used as the 
light absorbent which converts light into heat. In addition to these, carbon black may be used as the light absorbent. 
These light absorbents may also be used as light absorbents for laser recording. 

When a semiconductor laser which is excellent in terms of size, safety, price and modulation is used as a recording 
laser, particularly when a semiconductor laser having an oscillatk>n wavelength in visible to near infrared ranges is 
used, examples of a material which absorbs such an oscillation wavelength include potymethine coloring matters (cy- 
anine cobrtng matters), azulenium coloring matters, pyrylium cotoring matters, thiopyrylium coloring matters, squale- 
nium coloring matters, croconium cobring matters, dithiol metal complex salt coloring matters, mercaptophenot metal 
complex coloring matters, mercaptonaphthol metal complex coloring matters, phthalocyanine coloring matters, naph- 
thalocyanine coloring matters, triallyl methane coloring matters, immonium cotoring matters, diimmonium cotoring mat- 
ters, naphthoquinone coloring matters, anthraquinone coloring matters, metal complex salt coloring matters and the 
like as disclosed in JP-A-54-4142, JP-A-58-94494. JP-A-58-209594, JP-A-2-217287, Japanese Patent Publicatton No 
3-73814, "Near Infrared Absorbing Coloring Matters" (Chemical Industry No.43 issued in May 1986) and the like. 

Illustrative examples of the polymethine coloring matters (cyan in e coloring matters) include Indocyanine Green 
(manufactured of Daiichi Pharmaceutical Co.), NK-2014 (manufactured by Nippon Kanko Shikiso Kenkyujo Co.), NK- 
2612 (manufactured by Nippon Kanko Shikiso Kenkyujo Co.), 1.1.5,5-tetrakis(p-dimethylaminophenyl)-3-methoxy- 
1 ,4-pentadiene, 1,1,5,5-tetrakis (p-diethylaminophenyl)-3-methoxy-1 ,4-pentadiene and the like. Examples of the 
squalen ium coloring matters include 'NK-2772 (manufactured by Nippon Kanko Shikiso Kenkyujo Co.) and the like. 
Examples of the dithtoi metal complex ^It coloring matters include toluene dithtol ntokel complex, 4rtert-but$^^l 1 vfe-ben- "' 
zene dithiol nickel complex,^bisdithtob8'nzyi riickeljcompiex, PA-10f>5 (manufactured by Mitsui Toatsu SenryaCo ). PA- 
1 006 (manufactured by Mitsui Toatsi' Senryo Co.), bis(4-ethyldithiobenzyl) nickel complex disclosed in the specificatior. 
of JP-A-4-80646, bis (4-n-propyldithiobenzyl)-nickel complex and the like. Examples of the immonium cotoring matters 
and the diimmonium coloring matters include IRG002 (manufactured by Nippon Kayaku Co.), IRG022 (manufactured 
by Nippon Kayaku Co.) and the like. Examples of the naphthatocyanine coloring matters include NIR-4 (manufactured 
by Yamamoto Kasei Co.), NlR-1 4 (manufactured by Yamamoto Kasei Co.) and the like. Examples of the anthraquinone 
cotoring matters include IR-750 (manufactured by Nippon Kayaku Co.) and the like. These light absorbents may be 
used alone or in combination of two or more. 

The light absorbent used in the opttoal recording medium of the present inventton may be simply mixed with ma- 
terials required to produce the optical recording medium. However, as disclosed in Japanese Patent Publication No. 
2-217287, the light absorbent is molten and mixed with materials of the light recording medium of the present invention 
to be dissolved or dispersed in the materials. The materials to be mixed with the light absorbent which is dissolved or 
dispersed therein inclLide a sensitizer for 'thermal recording, the color devetopfir ci Ihe pr^esr:; invention.^n conventions 
cotor developer, a dye precufsor. a imposition Cfomprising a sensitizer.foj thermal recording and thacolor developor 
of the present invention, a compositton comprising a sensitizer for thermal recording and a conventional color developer, 
a compositton comprising a sensitizer for thermal recording and a dye precursor, and the like. 

As for the light absorbent used in the optical recording medium of the present inventton, the materials of the optical 
recording medium of the present invention and the light absorbent are dissolved or dispersed in a solvent in advance, 
and a mixture of the dissolved or dispersed materials and light absorbent are separated from the solvent for use. The 
materials which are dissolved or dispersed in the solvent together with the light absorbent are the same as the above 
materials to be mixed with the light absorbent which is dissolved or dispersed therein. 

Further, the light absorbent used in the optical recording medium of the present inventton may be co<Jispersed 
(simultaneous mixing and dispersion) with any one of a dye precursor, a color developer and a sensitizer. The light 
absorbent may also be co-dispersed (simultaneous mixing and disperskxi) with a combination of a dye precursor and 
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a sensitizer praqornbinattenote eol^^ • . : * * ^ ""^ — 

The light absorb nt used in the opttcat recording medium of th present invention or the light absorbent which is 
subjected to any one of treatments such as heat-fusion with the above materials, mixing with a solvent and co-dispersion 
(simultaneous mixing and dispersion) is mixed with thermal recording materials consisting of the color dev lop r of 

s th pr sent invention and a dye precursor as a constituent material of a light absorptive thermal recording layer Th 
light absorbent may be used as a material for constituting either upper or lower light absorptive layer formed on the 
thermal recording layer made from the color developer of the present invention and the dye precursor Further, the 
light absorbent nnay be used as a nraterial for constituting both upper and lower light absorptive layers formed on both 
sides of the thermal recording layer The light absorbent nnay be internally added to or impregnated into a support as 

10 a material for constituting the light absorptive support. On top of this light absorptive support, the above thermal re- 
cording layer or the above light absorptive thermal recording layer may be formed. The thermal recording layer or the 
light absorptive thermal recording layer on the light absorptive support may be mutti-teyer structured. 

The anx}unts of the cobr developer and the dye precursor used in the reversible multi-color optical recording 
medium of the present invention and the types and amounts of other components are determined according to required 

IS performance and recording quality, and are not particularly limited. Typically, 1 to 6 parts of an organic color developer 
and 1 to 20 parts of a filler are used based on 1 part of the dye precursor and a binder is contained in an amount of 
10 to 25% of the total solid content. The amount of the light absorbent added is determined according to its light 
absorption power 

Further, in the reversible multi-color optical recording medium of the present invention, like the thermal recording 

20 medium of the present invention, an overcoat layer of a high molecular substance or the like may be formed on the 
recording layer of the optical recording medium, or an undercoat layer containing an organic or inorganic filler may be 
interposed between the recording layer and the support for the purpose of improving keeping quality and sensitivity 
The above light absorbent may be added to these overcoat layer and the undercoat layer 

The light absorbent as described above is ground with a grinder such as a ball mill, attritor and sand grinder or an 

25 appropriate emulsrfier until a particle diameter of 1 p. m or less is achieved and mixed with a binder and various additives 
according to application purpose to prepare a coating fluid. 

As the light source for recording on the optical recording medium of the present invention with light, a variety of 
lasers such as semiconductor lasers and semiconductor excited YAG lasers, a xenon flash lamp, a halogen lamp and 
the like may be used. Light irradiated from these light sources may be converged with a light converging means such 

30 as a lens for optfcal recording on the optical recording medium of the present invention. Further, a mirror or the like 
may be used to carry out optical scanning recording. 

Since the reversible multi-color thermal recording medium and reversible multi-color optical recording medium of 
the present invention have excellent heat resistance and extremely high thermal stabilrty of its ground color, a powerful „ 
protective film, can be provided by thermal laminat:wi of a.pUvslic li^rn- Therefore., either bofore cr sfter recordihg^with ^^f/i . ■ • , ^-^ 

^ hisah or iigh^ i!' is possible to easily produce a card:having heat resistancW ancJ various stabiliiiRs; i^-tiich is protected " '^'^i '.^ \ '■i:<^':?M^f 

with a plastic film by means of a film for thenmal lamination ai-;cJ a rommercial laminator. Particularty. in the case of the' " ^i- " ^- ' . > 

optical recording medium of the present invention, additional recording with light can be made on a laminated plastic 
film. Illustrative examples of the plastic film for themnal lamination include thennDoplastic resins such as low-density 
polyethylene, ethylene-vinyl acetate copolymer (EVA), ethylene-ethyl aery late copolymer (EE A), ethylene-methyl meth- 

40 acrylate copolymer (EMAA) and ethylene-methacrylate copolymer (EMAA). 

Further, extrusion coating is also possible for the reversible multi-color thermal recording medium and reversible 
multi-color optical recording medium of the present invention, using an extrusion coating resin such as bw-density 
polyethylene which can be extruded at relatively low temperatures. 

Moreover, since the reversible multi-color thermal recording medium and reversible multi-color optical recording 

45 medium of the present invention is excellent In heat resistance, the grounds of these media do not develop cotors even 
if they contact a toner heat-fixing unit of an electronic photocopier Therefore, these media can also be used as paper 
for elect rortic,phctocopf -t^^ ' 
with an electronic pi iOtocopiiBr' • - . . ; . * 

A description is subsequently given of the mechanisms of cotor devebpment and decolorization of the reversible 

so multi-color thermal recording medium of the present invention. For instance, in the case of a reversible double-cobr 
thermal recording medium, an irreversible thernr^l composition comprising a basic achronnatic dye (developing red 
color) and an irreversible heat-resistant color developer as main components, an intermediate layer, and a reversible 
thernnal composition comprising a basic achromatic dye (developing black cotor) and a reversible heat-resistant color 
developer as main components are laminated on the support in the order named. When heat energy is applied to the 

ss reversible multi-color thermal recording medium by a thermal head, a color developing themnal reaction occurs in each 
layer and a mixture of black and red colors, that is. reddish black cobr. is obtained. On the other hand, when this cobr 
developing recording medium is subjected to heat treatment with a heated roll or thermal lamination, a decolorizatbn 
reaction is instantaneously caused by the basic achromatic dye (developing black color) and the reversible heat-re- 
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6*stantcolord8veftipeY. As the feault, red cobr deve(6f>ed by the irrevarsiblo therm'^f composition rematnc. - 
Further, as fbr color d velopment and decolorizatlon, a structural change (keto^n I tautonnerism) represented by 
the following formulae may occur in the urea and thiourea derivatives of the present invention depending on conditions. 
It Is c<wisidered that thes compounds need to have an nol-form structure in ord r to function as color d velop rs. 
To cause keto-to-enoltautomerism, high t mperatur s obtained by a thermal head are required and. at th same time, 
tautomerism to keto fomi occurs when an appropriate temperature and an appropriate amount of heat are given, 
resulting in decobrization. 

I II I < ^ I ' , 

II Y II l» Yll 

(Keto-f orm) (Enol-form) 



Y = (). S 

IS Meanwhile, when a red cotor devetoping thermal recording layer, an intermediate layer and a black cotor developing 

thermal recording layer are laminated on the support in the order named, using conventional bisphenol A as a color 
developer, a color developing thermal reactbn occurs in each layer with heat energy applied by a thermal head, and 
reddish black color, a mixture of black and red cotors, is obtained. However, when this color devetoping recording 
medium is subjected to heat treatment with a heated roll or to thermal lamination, the hue of image portions does not 

20 change and reddish black cotor is nnarkedly developed on the entire ground because bisphenol A is not a reversible 
heat-resistant color developer 

The reason that the urea and thiourea derivatives which are heat-resistant color developers of the present inventbn 
functk>n as cotor devetopers for a dye precursor used in thermal recording media and optical recording media, the 
reason that a thermal recording medium comprising a dye precursor and the color developer of the present inventton 

2S exhibits extremely high heat resistance, and the reason that an optical recording medium comprising a dye precursor, 
the cotor devek>per of the present invention and a light absorbent can undergo heat treatment with a heated roll or 
thermal laminatton and exhibits extremely high heat resistance are not elucidated yet, but can be considered as follows. 

In the case of the above thermal recording, since a thermal head is instantaneously heated to a temperature of 
200 to 300 , the urea and thiourea derivatives contained in the recording layer of the thermal recording medium 

30 which is brought into contact with the thermal head undergo tautomerism to be converted into enol form and to exhibit 
a cotor devetoping function. It is conskiered that the lactone ring of the dye precursor is thereby cleaved, with the result 
of cotor devetopment. 

Further, in the case of the above opticaUecording, since a light absorbent is contained in the optical recording 
layer, light in-adiated 'rorri a r.:W>r)ftirsrt light source is absorbed efficiently and converted into heat by this light aWirtien- ^ 
35 - As the temperatu re^Js elevated to 2tt) to 300 " C ihsfantaneously althir. f>oint, the u rea and th iou rea derivativesit^oi'itained 
in the recording tayei undergo ts&tcmerism to be converted into enol form and to exhibit a cotor devetoping futCucn,- 
as in the above themral recording. It is considered that the lactone ring of the dye precursor is thereby cleaved with 
the result of cotor devetopment. 

The urea and thtourea derivatives do not exhibit a color devetoping function at temperatures at which they do not 
40 change into enol form. Since a reaction with the dye precursor does not occur, the cotor development of the ground 
does not take place. This seems to be the reason why heat resistance is high. The temperature at which the urea and 
thiourea derivatives are converted into enol form is considered to be higher than a temperature required for heat treat- 
ment with a heated roll and thermal lamination. For this reason, the cotor development of the ground does not take 
place in high-temperature thermal environment such as heat treatment with a heated roll and thermal lamination. 
45 Further, in the case of an optical recording medium structured above and subjected to thermal lamination, light 

irradiated from a recording light source transmits through a plastk; film present on the optical recording layer, reaches 
. ^ the light absorbent contained in thejoplicalf sirnrding layer, and is conyorteci h.io heat HiDrafors, additifinal rGcordina ^trn'^-u-. 
is possible even aftorlar;iination:' .. - ' ' 

Other and further objects, features and advantages of the inventton will become clear from the following description. 
so The present inventton is further illustrated with reference to the foltowing examples. The term "parts' used herein 

means "parts by weight". 
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" <production Qt rev«is*Je;multikx>lor thanral recording medtar-Examplos 1 ,to 80 and Comparative Fxarnples 1 to 1 0>: 

[Examples 1 to 20] [Examples V to 20] 
5 Formation of irreversible thermal recording layer 

Solution A (dispersion of irreversible heat-resistant color developer) 
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Irreversible heal-resistance color developer (see Tables 1 and V) 

10% polyvinyl alcohol aqueous solution 

water 



6.0 parts 
1B.8 parts 
11,2 parts 



Solution B (dispersion of dye developing red color) 

3, 3-bis {l-ethyl-2-methylindole-3-yl)phthalicie 

2 .0 parts 

10V> polyvinyl alcohol aqueous solution 4 . 6 parts 

water 2.6 parts 

The solutions having the above compositions were ground to an average particle diameter of 1 p. m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion betowto prepare a thermal layer coating 
fluid. 



solution A 


36.0 parts 


solution B 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



: . The above cpat ing fl u id was applied to on e side of a 50 g/rn^ substrate in a coi=\t rncj VV6 inht of 5. 0 g/m? : Th e coating 

fai^^^2:A^H'i-^'^'^^ H*'^"*-!?^. *^jVP '*'Kvf ^^'1^-^^* thermal recording layer. . ... A^:r?,r^;js^5i . . 

Formation of intermediate layer 



40 


kaolin clay (50% dispersion) 


12.0 parts 




10% polyvinyl abohot aqueous solutbn 


6.0 parts 




water 


3.0 parts 



The solutions having the above compositk)ns were mixed to prepare an intermediate layer coating fluid. 
^ The intermediate layer coating fluid was applied to the above irreversible thermal recording layer in a coating 

weight of 3.0 g/m^. The coating was then dried to form an intermediate layer 

Formation of reversible thermal recording l^yer ' 
^ Solution D (dispersion of reversible heat-resistant cotor developer) 

reversible heat-resistant color developer (see Tables 
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1 and 1' ) 6.0 parts 

10% polyvinyl alcohol aqueous solution 18.8 parts 

water 11.2 parts 
Solution E (dispersion of dye developing black color) 



3-n-dipentylamino-6-methyl-7-anilinofluoran 
10% polyvinyl alcohol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 |i m with a sand 
grinder Subsequently, the resulting dispersions were mixed in the proportion betow to prepare a thermal layer coating 
fluid. 



Solution D 


38.0 parts 


Solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to the intemnediate layer in a coating weight of 5.0 g/m^ j^g coating was 
then dried to form a reversible thermal recording layer This sheet was treated with a supercalender to achieve a 
smoothness of 600 to 700 seconds so as to prepare a reversible multi-cok>r thermal recording sheet. 

[Examples 21 to 40] [Examples 21' to 40*] 

Formation of reversible thermal recording layer 

Solution D (dispersion of reversile heat-resistant cotor deyeloper) / . ' . 

reversible heat-resistant color developer (see Tables 
2 and 2') 6.0 parts 

10Y> polyvinyl alcohol aqueous solution 18.8 parts 
water 11-2 parts 

Solution E (dispersion of dye developing black cotor) 



50 



55 



.3Hi-diperTtylamino-6-methyl-7iniiihofluoran 
10% polyvinyl alcohol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 fi m with a sand 
grinder Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thennal recording 
layer coating fluid. 



Solution D 



36.0 parts 



Continuation of the Table on the next page 
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Solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one side of a 50 g/m^ substrate in a coating weight of 5.0 g/m^ . The coating 
was then dried to form a reversible thermal recording layer. 



Formation of intermediate layer 



kaolin clay (50% dispersbn) 


12.0 parts 


10% polyvinyl ateohol aqueous solutran 


6.0 parts 


water 


ao parts 



The solutions having the above compositions were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above reversible thermal recording layer in a coating weight 
of 3.0 g/m^ . The coating was then dried to fomr> an intermediate layer. 



Formation of irreversible thermal recording layer 



Solution A (dispersion of irreversible heat-resistant color developer) 



irreversible heat-resistance color developer (see Tables 2 and 2') 6.0 parts 
1 0% polyvinyl alcohol aqueous solution 1 8.8 parts 

water 11.2 parts 



Solution F (dispersbn of dye developing blue cobr) 



3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalkje 

') C% polyvinyl p^cchoy aqu eouV:' oolution ^ 



2.0 parts 

4.6 pajEs 

2:6 



The solutions having the above compositions were ground to an average particle diameter of 1 m with a sand 
grinder Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer coating fluid. 



Solutkxi A 


36.0 parts 


Solutkxi F 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to the intermediate layer in a coating weight of 5.0 g/m^ . The, coating was 
then dried to form an.irreVersiSie thermal recording layer. This iilicet was trca?3d w?th ia siiffci-cGlendcf to.a*chiey6 i^. 
smoothnl;5s of 600 to 700 seconds so as to form a rsversiblG mutti-cotor therma* recording sheeV. 



[Comparative Examples 1 to 5] 
Formation of thermal recording layer 



Solutk>n G (dispersion of conventbnal color developer) 
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cohyenUctfial color deyplop r (see Table 3) 
10% polyvinyl alcohol aqueous solution 
water 


6.0 parts 
18.8 parts 
11.2 parts 


Solution B (dispersion of dye developing red color) 




3,3-bis(1-ethyl-2-methyl-indole-3-yl)phthalide 
10% polyvinyl alcohol aqueous solution 
water 


2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer coating fluid 



Solution G 


36.0 parts 


Solution B 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one side of a 50 g/m 2 substrate in a coating weight of 5.0 g/m ^ . The 
coating was then dried to form a thermal recording layer. 

Formation of intermediate layer 



kaolin clay (50% dispersion) 


12.0 parts 


10% polyvinyl alcohol aqueous solution 


6.0 parts 


water 


3.0 parts 



The solutions having the above compositions were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above thermal recording layer in a coating weight of 3.0 
v^^'fTi 2 - The coating was then dried to fonp an j 

Formation of thermal recording layer 

Solutbn H (dispersion of conventional color developer) 



conventional cotor developer (s 


ee Table 3) 


6.0 parts 


10% polyvinyl alcohol aqueous 


solution 


18.8 parts 


water 




11.2 parts 



Solution E (dispersion of dye developing black cobr) 



3-n-dipentylamino-6-methyl-7-anilinofluoran 


2.0 parts 


10% polyvinyl alcohol aqueous solution 


4.6 parts 


water 


2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer coating fluid. 
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sorution H 


36.G parts 


solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



5 

The above coating fluid was applied to the intermediate layer in a coating weight of 5.0 g/m^ . The coating was 
then dried to form a thermal recording layer This sheet was treated with a supercalender to achieve a smoothness of 
600 to 700 seconds so as to prepare a thermal recording sheet. 

A quality performance test was made on the thermal recording sheets obtained in the above Examples and Com- 
10 parative Examples and results are shown in Tables 1 to 3. 

Note (1 ) thermal recording: Using a printer for the Rupo-90FII perscxial wordprocessor (manufactured by Toshiba), 
thermal recording was made on the reversible multi-color thermal recording media with the n^aximum application energy 
(the same conditions were also employed for thernnal recording shown below). The densities of image and ground 
portions were measured by a Macbeth densitometer (RD-91 4 with an amber filter, the same conditions were employed 
IS hereinafter) . Developed color tones were determined visually. 

Note (2) decolorization (by a heated roll): The reversible multi-cobr thermal recording media on which dynamic 
recording was made by the method of Note (1 ) were fed through a roll heated to 115 at a speed of 7 mm/second 
and the densities of image and ground portions were measured. As for the ground portions, the smaller the Macbeth 
density values the more stable the color of the ground portions becomes. Contrast between image and ground portions 
20 of a thermally recorded portion which was subjected to heat treatment with a heated roll was evaluated as follows. 
Thermal recording media whose contrasts were rated A to x are difficult to read 

O no or almost no color development of ground portions 
A color development of ground portions 
25 X marked cotor devebpment of ground portions 

Note (3) thermal recording: Using a printer for the Rupo-90FII wordprocessor (manufactured by Toshiba), thermal 
recording was made on color undeveloped porttons of reversible multi-color thernoal recording media with the maximum 
application energy after heat treatment with a heated roll. Devebped color tones were determined visually. 
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Decolorization (with heated roll) 
(2) 


Color 
tone 


red 


Contrast 
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Ground 
portions 
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Image 
portions 


rn fM^oioo^mfninrocMWro-^oiomfHrari 
o ooooooooooooooooooo 


thermal recording il) 


Color 
tone 


reddish 
black 


Ground 
portions 


o ooooooooooooooooooo 
o ooooooooooooooooooo 


Image 
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In Examples 1 to 20 and Examples V to 20', since a developed cx)lor tone changed from reddish black to red upon 
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erasure with a heated roll, the density of image portions lowered. However, stains wer not obsen^ed in ground portions. 
The sam tendency was observed in Examples 21 to 40. i-^ow ver, in Comparativ Examples 1 to 5, ther was no 
change in the color tone of image portbns upon erasure with a heated roll, color development occurred in all the ground 
portions, and additional thermal recording (3) could not be made because of th absence of color undeveloped portions. 

5 

[Examples 41 to 60] [Examples 41* to 60'] 
Formation of irreversible thermal recording layer 
10 Solution A (dispersion of irreversible heat-resistant color developer) 



irreversible heat-resistant color developer (s 


Be Tables 4 and 4') 


6.0 parts 


10% polyvinyl alcohol aqueous solution 




18.B parts 


water 




11.2 parts 



Solution I (dispersion of dye developing green color) 



20 



25 



3-(N-p-tolyl-N-ethylamino)-7-(N-phenyl-N-methylamino)fluoran 

10% polyvinyl alcohol aqueous solution 

water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer coating fluid. 





solution 1 


36.0 parts 


30 


solution G 


9.2 parts 




kaolin clay (50% dispersion) 


12.0 parts 



35 



The above coating fluid was applied to one side of a 50 g/m 2 substrate in a coating weight of 5.0 g/m ^ . The 
coating was ilie?; o'?2ed tr tarrr. !:rt irreversible :h<frmal recording layer .- >: .. - - " : 



Formation of iniermediate layer 



40 


kaolin clay (50% dispersk^n) 


12.0 parts 




10% polyacrylamide emulsion 


6.0 parts 




water 


3.0 parts 



The solutions having the above compositk>ns were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above irreversible thermal recording layer in a coating 
weight of 3 0 g/m ^ . The coating was then dried to form an intermediate layer 

FoiTn^aiaT of reversible thermal recording layer - 

50 Solution D (dispersion of reversible heat-resistance color developer) 



55 



reversible heat-resistant color devebper (see Tables 4 and 4') 6.0 parts 
1 0% polyvinyl alcohol aqueous solution 1 8.8 parts 

water 11,2 parts 
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Solutiai E (f:t;cpersicn of dye developing black cotor) * • * ^.>i..... 

3-n-dipentylamino-6-methyl-7-anilinofluoran 

2.0 parts 

lO'A polyvinyl alcohol aqueous solution 4.6 parts 

water 2.6 parts 

The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer coating fluid. 



solution D 


36.0 parts 


solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to the Intermediate layer in a coating weight of 5.0 g/m ^ . The coating was 
then dried to form a reversible thermal recording layer. This sheet was treated with a supercalender to achieve a 
smoothness of 600 to 700 seconds so as to prepare a reversible multi-cobr thermal recording sheet. 

[Examples 61 to 80] [Examples 61 ' to 80'] 

Formation of Irreversible thermal recording layer 

Solution A (dispersion of irreversible heat-resistant color developer) 



Irreversible heat-resistant color developer (see Tables 5 and 5') 

10% polyvinyl alcohol aqueous solution 

water 



6.0 parts 
18.8 parts 
11.2 parts 



Soluiion J (dispersk>n of dye developing orange dk-i) 

3-cyclohexylainino-6-chlorof luoran 2.0 parts 

10% polyvinyl alcohol aqueous solution 4.6 parts 



water 



2 . 6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 |i m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer ccaWno f'uid. 



solution A 


36.0 parts 


solution J 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one skJe of a 50 g/m 2 substrate in a coating weight of 5.0 g/m ^ . The 
coating was then dried to form an irreversible thennal recording layer. Formation of intermediate layer 



kaolin clay (50% dispersion) 



12.0 parts 



Continuation of the Table on the next page 
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10 



*' (cdHtirilled) 




10% methyl polyacrytate emulsbn 


6.0 parts 


water 


3.0 parts 



The solutions having the above compositions were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above irreversible thermal recording layer in a coating 
weight of 3.0 g/m 2 . The coating was then dried to form an intermediate layer 

Formation of reversible thermal recording layer 

Solution D (dispersion of reversible heat-resistant color developer) 



^5 reversible heat-resistant color developer (see Tables 

5 and 5') 6.0 parts 



20 



iO'l: polyvinyl alcohol aqueous solution 18.8 parts 
water 11.2 parts 



25 Solution E (dispersion of dye developing black cobr) 



30 



^'35 



40 



so 



ss 



3-n-dipentylamino-6-methyl-7-anilinofluoran 
10% polyvinyl alcohol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle^ diameter of 1 fi m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 





solution D 


36.0 parts 


solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluki was applied to the intermediate layer in a coating weight of 5.0 g/m 2. The coating was 
then dried to form a reversible thermal recording layer. This sheet was treated with a supercalender to achieve a 
smoothness of 600 to 700 seconds so as to prepare a reversible multi-cok>r themnal recording sheet. 

45 [Comparative Examples 6 to 10] 

Formation of thermal recordirig Igyer , . . v v 

Solution G (dispersion of conventional color developer) 



conventional color developer (see Table 6) 

6.0 parts 

10% polyvinyl alcohol aqueous solution 18.8 parts 
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water 

Solution I (dispersion of dye developing green color) 



11 .2 parts 



10 



IS 



20 



25 



30 



3-(N-p-tolyl-N-ethylamino)-7-(N-phenyl-N-methylamino)fluoran 

10% polyvinyl alcohol aqueous solution 

water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above connposltions were ground to an average particle diameter of 1 p. m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a thermal recording 
layer coating fluid. 



solution G 


36.0 parts 


solution 1 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one side of a 50 g/m ^ substrate In a coating weight of 5.0 g/m ^ . The 
coating was then dried to form a thermal recording layer 

Formation of intermediate layer 



kaolin clay (50% dispersbn) 


12.0 parts 


10% polyacrylamide emulsion 


6.0 parts 


water 


3.0 parts 



The solutions having the above compositions were mixed to prepare an Intermediate layer coating fluid. 
The intermediate layer coating fluki was applied to the above thermal recording layer In a coating weight of 3.0 
g/m 2 . The coating was then dried to form an intermediate layer. 

3S Formation of thermal recording layer ' v v .. . - / n^ 

Solution G (dispersion of conventbnal color developer) 



55 



40 


conventional cotor devetoper (see Table 6) 
10% polyvinyl akx>hol aqueous solution 
water 


6.0 parts 
18.8 parts 
11.2 parts 


Solution E (dispersion of dye developing black cok>r) 

45 


50 


3-n-dipentylamini>-6^ethyl-7-anilinofluoran 
'10% polyvinyl alcohol aqueous solution 
water 


4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 m with a sand 
grinder. Subsequently, the resulting dispersions were mixed In the proportion below to prepare a thenDal recording 
layer coating fluid. 



solution G 



36.0 parts 



Continuation of the Table on the next page 
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' (continu^) 




solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to the intermediate layer in a coating weight of 5.0 g/m^ . The coating was 
then dried to form a thermal recording layer. This sheet was treated with a supercalender to achieve a smoothness of 
600 to 700 seconds so as to prepare a thermal recording sheet. 

A quality performance test was made on the thermal recording sheets obtained in the above Examples and Com- 
parative Examples and results are shown in Tables 4 to 6. 
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Note (4) decotorization (by thermal lamination) : A simplified lamination apparatus (MS Pouch H-1 40 manufactured 
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by Meiko Shotesi KX.) and a Jaminate film (MS Pouch Film MPIO^^BOQC*) were used: A -laminated themial recording 
medium having a th nmal recording portion was fabricated by sandwiching a r v rsible multicolor th rmal recording 
medium on which dynamic recording was nnade by the method of Note (1 ) between the above laminate films at a feed 
rat of 20 mnn/sec. After thermal lamination, image and ground portions which w re subjected to the above th nmal 
s recording were measured by a Macbeth densitometer through the laminat film of the laminated thermal recording 
medium (high value because of measurement through the laminate film) . As for ground portions, the smaller the 
Macbeth density value the more stable the color of the ground becomes. Contrast between inriage portions and ground 
portions of the laminated thermal recording portion was evaluated as follows. Laminated thermal recording media 
whose contrasts are rated A to X are difficult to read. In fact, thermal lamination was impossible. 

10 

O no or almost no color development of the ground portions (thermal lamination impossible) 

A color development of the ground portions 

X nnarked color development of the ground portions 

IS In Examples 41 to 80 and Examples 41' to 80*, thermal lamination was effected without failure and a change in 

the cotor tone of image portions caused by thermal lamination was good. However, in Comparative Examples 6 to 10, 
there was no change in the color tone of image portions caused by thermal lamination and color development occurred 
in all the ground portions. 

20 <production of reversible multi-color optical recording medium, Examples 81 to 120, Examples 81' to 120' and 
Comparative Examples 11 to 20> 

[Examples 81 to 100] [Examples 81' to 100"] 

25 Formation of Irreversible optical recording layer 

Solution A (dispersion of irreversible heat-resistant color developer) 



30 



35 



irreversible heat-resistant color developer (see Tables 7 and 7') 

10% polyvinyl alcohol aqueous solution 

water 



6.0 parts 
18.8 parts 
11.2 parts 



Solution B.(dlsperslon of dyeOsrebpf;:^ :sd>,-ilf:,j 



40 



3,3-bis(1-ethyl-2-methylindole-3-yl)phthalide 
1 0% polyvinyl akx>hol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



Solutbn K (aqueous solutbn of light absorbent) 



45 



50 



NK-2612 (manufactured by Nippon Kanko Shikiso Kenkyujo) 
water 



0.04 part 
4.0 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare an optical recording 
layer coating fluid. 





solutbn A 


36.0 parts 




solutbn B 


9.2 parts 


55 


solutbn K 


4.04 parts 




kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one side of a 50 g/m ^ substrate in a coating weight of 5.0 g/m ^ . The 
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coating wds thep dried to fonm ^ irreversibl optical recording layer 
Formation of intermediate layer 



kaolin clay (50% dispersion) 


12.0 parts 


10% polyvinyl alcohol aqueous solutbn 


6.0 parts 


water 


3.0 parts 



10 

The solutions having the above compositions were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above irreversible optical recording layer in a coating weight 
of 3.0 g/m 2 . The coating was then dried to form an intermediate layer. 

Formation of reversible optical recording layer 

Solution D (dispersion of reversible heat-resistant color developer) 



20 



25 



30 



40 



45 



50 



55 



reversible heat-resistant color developer (see Tables 7 and 7') 

10% polyvinyl alcohol aqueous solution 

water 



6.0 parts 
18.8 parts 
11.2 parts 



Solution E (dispersion of dye developing black cotor) 



3-n-dipentylamino-6-methyl-7-anilinofluoran 
10% polyvinyl alcohol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



Solutk>n K (aqueous solution of light absorbent) 



N K-261 2 (man uf actu red .by . N ippon;Kan kc Shi k: w Ucri ky Ujo) ^ 0X^4 rt . 
water ' | 4.0 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion bek>w to prepare an optical recording 
layer coating fluid. 



solutk>n G 


36.0 parts 


solutbn E 


9.2 parts 


so]utk>n K 


4.04 parts 


kaolin clay (50% dispersk>n) 


120 parts 



The aboye coating fluid was applied to the intermedia^ ictyei' in a coating weight of 5.0 g/m ^ /The coating was ^ 
then dried to form an optical recording layer. This sheet v^s treated with a supercalender to achieve a smoothness of 
600 to 700 seconds so as to prepare an optical recording sheet. 

Formation of reversible optical recording layer 

Solutbn D (dispersion of reversible heat-resistance color developer) 

reversible heat-resistant color developer (see Tables 
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7 and 7' ) 6.0 parts 

10% polyvinyl alcohol aqueous solution 18.8 parts 
water 11.2 parts 

Solution E (dispersion of dye developing black color) 



3-n-dipentylannino-6-methyl-7-anilinofluoran 
10% polyvinyl alcohol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



Solution K (aqueous solution of light absorbent) 



NK-2612 (manufactured by Nippon Kanko Shikiso Kenkyujo) 
water 



0.04 part 
4.0 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportk>n below to prepare an optical recording 
layer coating fluid. 



solutkxi D 


36.0 parts 


solutkxi E 


9.2 parts 


solution K 


4.04 parts 


kaolin clay (50% disperskxi) 


12.0 parts 



The above coating fluid was applied to the intermediate layer in a coating weight of 5,0 g/m ^ . The coating was 
then dried to form a reversible optical recording layer. This sheet was treated with a supercalendi?rtc achieve a srnooth- 
.ness of 600 to JQO s^tinaH sc k^Xu prepare a reversible optical recording sheet. • i;> r^v^i-'^ 4Mv " ■ - - 

• \- ^ ' ' ■ ■ ' . 

[Comparative Examples 11 to 15] 

Formation of optcal recording layer 

Solutbn G (dispersion of conventbnal color developer) 



conventional cotor devetoper (see Table 8) 


6.0 parts 


10% polyvinyl akx>hol aqueous solutk>n 


18.8 parts 


water 


11.2 parts 



Soiut bn B (dispersion of dye developing red cotor) 



3, 3-bis( 1 -ethy l-2-methyt-indole-3-y l)phthalide 


2.0 parts 


10% polyvinyl ateohol aqueous solutton 


4.6 parts 


water 


2.6 parts 
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Soluibn K (nquecus solution <fl li§Ht absorbent) ^ ** 



NK-2612 (manufactured by Nippon Kanko Shikiso Kenkyujo) 
water 



0.04 part 
4,0 parts 



The solutions having the above connpositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare an optical recording 
layer coating fluid. 



solution G 


36.0 parts 


solution B 


9.2 parts 


solution K 


4.04 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one side of a 50 g/m 2 substrate in a coating weight of 5.0 g/m 2 . The 
coating was then dried to form an optical recording layer. 



Formation of intermediate layer 



kaolin clay (50% dispersbn) 


12.0 parts 


10% polyvinyl ateohol aqueous solutbn 


6.0 parts 


water 


3.0 parts 



The solutions having the above compositkxis were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above optical recording layer in a coating weight of 3.0 
g/m 2 . The coating was then dried to form an Intermediate layer. 

Formation of optical recording layer 

Solution G (dispersion of conventbnal color developer) * 



conventional cobr developer (see Table 8) 


6.0 parts 


10% polyvinyl akx>hol aqueous solutkxi 


1B.8 parts 


water 


11.2 parts 



Solutk>n E (dispersion of dye developing black cotor) 



3-n-dipentylamino-6-methyl-7-anilinofluoran 


2.0 parts 


10% polyvinyl alcohol aqueous solution 


4.6 parts 


water 


2 6 parts 



Solution K (aqueous solution of light absorbent) 



NK-2612 (manufactured by Nippon Kanko Shikiso Kenkyujo) 
water 



0.04 part 
4.0 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare an optical recording 
layer coating fluid. 
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10 



IS 



solution G 


38.0 parts 


solution E 


9.2 parts 


solution K 


4.04 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to the intermediate layer in a coating weight of 5.0 g/m ^ . The coating was 
then dried to form an optical recording layer. This sheet was treated with a supercalender to achieve a smoothness of 
600 to 700 seconds so as to prepare an optical recording sheet. 

[Examples 101 to 120] [Examples lOV to 120'] 

Formation of irreversible optical recording layer 

Solution L (simultaneous dispersion of irreversible heat-resistant cobr developer and light absorbent) 



20 



25 



irreversible heat-resistant color developer (see Tables 9 and 9') 

bis(1 -tert-butyl-3,4-dithiophenolate)nickeltetra-n-butylamrTKXiium (light absorbent) 

10% polyvinyl alcohol aqueous solutbn 

water 



Solution F (dispersion of dye developing blue color) 



6.0 parts 
0.3 part 
18.8 parts 
11.2 parts 



30 



3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophthalide 

10% polyvinyl alcohol aqueous solution 

water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 fi m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare an optical recording 
<aycr coating fluid. 



40 



45 



50 



solution L 


36.3 parts 


solution F 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid was applied to one side of a 50 g/m ^ substrate in a coating weight of 5.0 g/m ^ . The 
coating was then dried to form an irreversible optical recording layer 

Formation of intermediate layer 



kaolin clay (50% dispersbn) 
•10%poiyacryjamtde ehiylsion 
water 



12.0 parts 
6.0 parts 
3.0 parts 



The solutions having the above compositions were mixed to prepare an intermediate layer coating fluid. 
The intermediate coating fluid was applied to the above irreversible optical recording layer in a coating weight of 
3.0 g/m 2 . The coating was then dried to form an intermediate layer 
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FormatiQn<^ revercibIe optical recording layer - — 

Solution M (simultaneous dispersion of reversible heat-resistant cobr devebper and light absorbent) 



reversible heat-resistant color developer (see Table 
9) 6.0 parts 

bis (l-tert-butyl-3, 4-clithiophenolate) nickeltetra-n- 

butylanunonium (light absorbent) 0.3 part 

10% polyvinyl alcohol aqueous solution 18.8 parts 

water 11-2 parts 
Solution E (dispersion of dye developing black color) 



3-n-dipentylamino-6-methyl-7nanilinofluoran 
10% polyvinyl alcohol aqueous solution 
water 



2.0 parts 
4.6 parts 
2.6 parts 



The solutions having the alxjve compositions were ground to an average particle diameter of 1 m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare a themnal recording 
layer coating fluid. 



solution M 


36.3 parts 


solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



The above coating fluid wai> applied to the intermediate layer in a coating weight of 3.0 g/m ^ tho coai.rg w-rife 
then dried to form a reversible optical recording layer This sheet was treated with a supercalender to achieve a snrxxith- 
ness of 600 to 700 seconds to prepare a reversible multi-color optical recording sheet 

[Comparative Examples 16 to 20] 

Formation of optical recording layer 

Solution N (simultaneous dispersion of conventional color developer and light absorbent) 

conventional color developer (see Table 10) 

6 . 0 parts 

bis (l-tert-butyl-3, 4-ciithiophenolate) nickeltetra-n- 
butylanunonium (light absorbent) 0.3 part 

10% polyvinyl alcohol aqueous solution 18.8 parts 
water 11.2 parts 
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SoliJticm F (dispersion of dye developing blue coiorlit 



3,3-bis(p-dimethylaminophenyl)-6-dimethylaminophlhalide 

10% polyvinyl alcohol aqueous solution 

water 



2,0 parts 
4.6 parts 
2.6 parts 



The solutions having the above compositions were ground to an average particle diameter of 1 ji m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare an optical recording 
layer coating fluid. 



solution N 


36.3 parts 


solution F 


9.2 parts 


kaolin clay (50% dispersion) 


120 parts 



The above coating fluid was applied to one side of a 50 g/m 2 substrate in a coating weight of 5.0 gfm 2 . The 
coating was then dried to form an optical recording layer. 

Formation of intermediate layer 



kaolin clay (50% dispersion) 


12.0 parts 


10% polyacrylamide emulsion 


6.0 parts 


water 


3.0 parts 



The solutions having the above compositions were mixed to prepare an intermediate layer coating fluid. 
The intermediate layer coating fluid was applied to the above optical recording layer in a coating weight of 3.0 
g/m 2 . The coating was then dried to form an intermediate layer. 

Fomnation of optical recording layer 

Solution O (simultaneous dispersion of conventional color developer and light absorbent) 



conventbnal cotor devetoper (see Tables 10) 

bis(1 -tert-butyl-3,4-dithiophenolate)nickeltetra-n-butylammonium (light absorbent) 

10% polyvinyl ak^ohol aqueous solutbn 

water 



6.0 parts 
0.3 part 
18.8 parts 
11.2 parts 



Solution E (dispersion of dye developing black color) 



3-dipentylamino-6-methyl-7-anilinofluoran 
10% polyvinyl akxrfiol aqueous solutton 

water * ^ . V 



2.0 parts 
4.6 parts 
2.S parts 



The solutions having the at>ove compositions were ground to an average particle diameter of 1 ^ m with a sand 
grinder. Subsequently, the resulting dispersions were mixed in the proportion below to prepare an optical recording 
layer coating fluid. 



solution O 


36.3 parts 


solution E 


9.2 parts 


kaolin clay (50% dispersion) 


12.0 parts 



53 



EP0709 225 A1 



The;ebbve coating fliiid w^(& applied tolhe tf^enmodiate layftf in a coating weight of 5.0 g/in^ -. The coating was 
then dried to form an optical recording layer. ITiis sheet was treated with a supercalender to achieve a smoothness of 
600 to 700 seconds to prepare an optical recording sheet. 

A quality performanc test was made on the optical recording sheets obtained in th abov Examples and Com- 
parative Examples and results are shown in Tables 7 to 10. 
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additional j 
optical 1 
recording (7) ! 
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Note (5) optical recording: Using a laser plotter disclosed in Japanese Patent Publication No.3-239598, laser re- 
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cording was carried dtrt by the following melhod. The LT01 5MD seniicoilductor laser (manufactuied by Sharp) having 
an oscillation wavelength of 830 nm and an output of 30 mW was used as a light source for c^tical recording, and two 
of the AP4545 non-spherical plastic lens (manufactured by Konica) having an aperture of 0.45 and a focusing distance 
of 4.5 mm wer used as condenser lens s. A laser recording head comprising the above semiconductor laser and 

5 lenses was caused to scan at a recording speed of 50 mm/sec and at recording line intervals of 50 ^ m to obtain a 1 
cm2 solid-colored image. This 1 cm 2 solid-colored image was measured for its density with a Macbeth densitometer 
(RD-914 using an amber filter) . This value was taken as the optical recording density of image portions. The reason 
why the values of ground portions are slightly bad in Examples 81 to 1 20 is that the optical recording media are slightly 
colored because of the cobred light absorbent. In Comparative Examples 11 to 20, decolorization was not caused by 

10 thermal lamination and, conversely, marked cobr development occurred in the ground portions. As the result, additional 
recording could not be carried out. 

Note (6) decotorization (by thermal lamination) : A simplified laminatk>n apparatus (MS Pouch H-140 manufactured 
byMeiko Shokai K.K.) and a laminate film (MS Pouch Film MP1 0-6095) were used. A laminated optical recording 
medium having a thermal recording portion was fabrk:ated by sandwiching a reversible multi-cotor optical recording 

IS medium on which optical recording was made by the method of Note (4) between the above laminate films at a feed 
rate of 20 mm/sec. After thermal lamination, image and ground portions which were subjected to the above optical 
recording were measured by a Macbeth densitometer through the laminate film of the laminated optical recording 
medium (high value because of measurement through the laminate film) . As for ground portions, the smaller the 
Macbeth density value the more stable the color of the ground becomes. Ck>ntrast between image portions and ground 

20 portions of the laminated thermal recording portion was evaluated as foltows. Laminated optbal recording media whose 
contrasts are rated A to X are difficult to read. In fact, thermal laminatkxi was impossible. 

O no or alrr)ost no color development of the ground portions (thermal lamination possible) 
A color devetopment of the ground portions 
25 X marked cotor development of the ground portions 

Note (7) additkxial recording: Optical recording was made on optical recording media after thermal lamination by 
the following method, using flash light from a strobe. Optical recording was effected by stopping down the window of 
the auto 4330 strobe flash for cameras (manufactured by Sunpack Co.) to 5% and irradiating light The color devetoped 
30 images were measured for their densities by a Macbeth densitometer (RD-914 using an amber fitter) . The density 
values were taken as optical recording densities of the image portions. 

In Examples 81 to 120, thermal laminatkxi was carried out after optical recording without failure, a change in the 
color tone of the image portions caused by thermal lamination was good, and there were no stains in the ground.^ 
portions. However. In Cqmparativc Fxamp|es 11 to 20, there was nr d^ap-^a in W*^ cr-ior tone ot the imsfjc ^rtlono^ 
• dsy ' caused by thenrtai iarrirtntkiii ^au color devebpment occurred in all the ground 'portions T(''ero^oic, acitiiiion.^^opriJ?^fS 
rsc;ording (7) could not be carried out. *> 

As described on the foregoing pages, the reversible multi-color thermal recording medium and reversible multi^^ 
color optcal recording rr^edium of the present inventk>n which use urea and thiourea derivatives as a reversible heat- 
resistant color devebper and irreversible heat-resistant cotor developer cause almost no fogging of a ground color 
40 under temperature environment of up to 1 60 "C and recording of an image having a vivid cotor tone and many practical 
applications is easily effected with a thermal recording apparatus such as a thermal head and an optical recording 
apparatus using a laser or strobe. Therefore, the present invention has the foltowing effects. 

(1) A reversible multi-color thermal recording medium and a reversible multi-color optical recording medium pra- 
45 viding a vivid color tone can be obtained. 

(2) The reversible multi-color thermal recording medium and the reversible multi-color optical recording medium 
car) bo used under extreme ten iperaiurc* cunditions (90 tel 60 - G.. for axamptp) under which pon*^Bntk)nal recording 
media cannot be used. \' * 

(3) Since the reversible multi-color thermal recording medium and reversible multi-cotor optical recording medium 
so which have recorded images can undergo thermal lamination with a laminator. reversible multi-cotor thermal record- 
ing cards and reversible multi-color optical recording cards can be fabricated with ease. 

(4) Addittonal opttoal recording can be made on a laminated reversible multi-color optical recording medium. 

(5) Since the ground cotors of the reversible multi-cotor thermal recording medium and reversible multi-cotor optical 
recording medium are stable even if they were fed through a heated roll, they can be used as paper for electronic 

S5 photocopiers. 

Further, in the present inventton, since the hue of an image obtained by first recording or erasure is made different 
from that of an image recorded next by combining a reversible recording composition and an irreversible recording 
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composition, Tt'is posKit!^ to find whelfter or not a recordod^image is recorded ackiitionaliy, thus making il usrible for' 
prevention of forgeries. 



Claims 



1. A reversible mutti-color thermal recording medium which comprises, laminated on a substrate: 

(1) an irreversible themnal composition comprising a cobrless or pale basic achromatic dye and an organic 
Irreversible heat-resistant color developer; and 

(li) a reversible multi-color thermal composition comprising a cobrless or pale basic achromatic dye and an 
organic reversible heat-resistant color developer. 

2. A recording medium according to claim 1 , which further comprises an Intermediate layer interposed between 
recording layers which comprise the thermal compositions (i) and (il). 

3. A recording medium according to claim 1 or 2, wherein the reversible heat-resistant color developer has the fol- 
lowing formula (I): 



O O y . 

<J^)^NH-C-NH-(CHsDm-NH-C^ ( I ) 

Xn Xn 



wherein X is selected from hydrogen, C^-Ci2 alkyi, hato-C^-Cs alkyi, C^-C^a alkoxy, C1-C12 alkoxycarbonyl, 
C^-C^2 3cyl, C^-C^g dialkylamino, nitro, cyarK) and halogen, m is an integer of 1 to 12 and n Is an integer of 1 to 3; 
or the following general formula (!'): 

R-NH-C-NH-<:r r^V-OH (T) 




wherein R is Cfg-Cgg alkyI, A Is selected from lower alkyI, bwer alkoxy, k>wer alkoxycarbonyl, nitro, halogen 
and hydrogen, and n Is an integer of 1 to 3. 

4. A recording medium according to any one of claims 1 to 3 wherein the Irreversible heat-resistant color developer 
has a formula selected from the folk>wing formulae (II), (111), (IV) and (V): 




wherein X is selected from -C4 alkyI, -C3 alkoxy, hydrogen, nitro, cyano and halogen, and m is an Integer 
of 1 to 3; 




(III) 
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"wharoirreach of X, R,, P.2, P3, R4, ^ Hg -Rfand Rn. vvhich-ars the-sam or tiiffercnl; is-indeperidenUy 
selected from Ci-Cg sll^y'. Ci-C'e aitoxy. hydrogen, nitro; cyano and halogen, and m is an Int ger of 1 to 3; 



Xn^^ O O 



HO 




Xn 
OH 



(IV) 



wherein X is selected from CyC^ alky I, C^-Cg alkoxy, nitro, halogen and hydrogen, m is an integer of 1 to 
12 and n is 1 or 2; 




wherein X is selected from CyC^2 ^1-^12 a'^^oxy, trihatomethyl, hydrogen, nitro and halogen, Z is 
selected from O, S, straight chain Ci-C^g alkylene, branched chain OyC^2 alky'ene, NH, SOg and C=0, each of 
R^, 1=^2 and R3, which are the same or different, is independently selected from C^-Cg alkyi, hydrogen, nitro and 
halogen, and n is an integer of 1 to 3. 

5. A reversible multi-color thermal recording medium obtainable by laminating a plastk; film on a recording medium 
as defined in any one of the preceding claims, either on the recording surface thereof or on the entire recording 
medium after thermal recording has occurred. 



6. A reversible multi-color optrcal recording medium which comprises, in a recording layer of a recording medium as 
defined in any one of claims 1 to 4, a light absorbent for absorbing light and converting it into heat. 

7. An optical, rccordinp. n?;dium obtainable by laminating a p!atvi:r Onii i^r* ^ rvv^rsible mult:-cc!or r.Afical rp^ — ding' 
fTiCc'iUv'n i:. - -iii ,0 J ; . !:::m 6, either on the recording surface thercK)f or ^iPr Ih fiiTtire reccns?; tg i nsdiu'm. • 

8. An optical recording medium obtainable by laminating a plastic film on a reversible multi-color optical recording' 
medium as defined in claim 6, either on the recording surface thereof or on the entire recording medium after 
thernnal recording or optical recording has occurred. 

9. A method of optical recording, which method comprises applying flash light from a stroboscope or laser light to an 
optical recording medium as defined in claim 7 or 8. 

10. A sheet suitable for an electronic photocopier, which comprises a recording medium as defined in any one of claims 
1 to 4 or an optical recording medium as defined in claim 6. 
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